Summary A design for a cannula made by fixing silicone rubber tubing to rigid internal and external flanges is described. These cannulas have been used to fit simple duodenal, simple ileal and abomasal fistulas in adult lactating cattle for periods up to I year and have caused minimal tissue reaction at the site of fistulation.
Summary
A design for a cannula made by fixing silicone rubber tubing to rigid internal and external flanges is described. These cannulas have been used to fit simple duodenal, simple ileal and abomasal fistulas in adult lactating cattle for periods up to I year and have caused minimal tissue reaction at the site of fistulation.
There are many designs and materials used for both rigid and flexible cannulas for insertion into fistulas in the alimentary tract of experimental animals (Jarrett, 1948; Phillipson, 1952; Dougherty, 1955; Conner, McGilliard & Huffman, 1957; Ash, 1962; Freeman, Wexler & MacLean, 1971; Jones, Yee & Michielsen, 1971; Alonso, Donawick & Hammel, 1973; Hecker, 1974; Ivan, 1974) . The choice of cannula depends upon several factors such as the size of the lumen of the organ to be fistulated, the particle size and viscosity of the material to be sampled or infused, the site of exteriorization of the cannula and, in the case of re-entrant fistulas, the volume and consistency of ingesta expected to flow through the cannulas to avoid producing excessive resistance to flow.
In our opinion, flexible cannulas such as the PVC cannulas of Ash (1962) and Cammell (1977) are preferred to rigid cannulas for use in experimental animals since the flexibility can accommodate movement of the animal's flank at the site of exteriorization, and will also yield, should the cannula be knocked, rubbed or lain upon; so reducing the damage caused by mechanical bruising to the luminal epithelium and fistula edges.
This communication describes a design for a cannula with a rigid internal bar or flange connected to silicone rubber tubing to form the barrel of the cannula. As an example a cannula to fit simple duodenal and simple ileal fistulas in adult lactating cattle is shown.
Materials and methods
The cannula is constructed from the following materials: silicone rubber tubing 16'0 mm internal diameter, 3'2 mm wall thickness (Esco Rubber, Reading); stainless steel rod EN58J; silicone rubber adhesive (Type A Medical Adhesive; Dow Corning, Lepetit Pharmaceuticals Ltd, Nicholson House, Maidenhead, Berkshire).
The materials are machined to the size and shape shown in Fig. 1 . To assemble, the tubing (Item 3) is inserted through the hole in the intestinal flange (Item 1) leaving 5 -1 0 mm protruding from the luminal (concave) surface, the annular grooves in the cone (Item 4) are filled with silicone adhesive and the cone is inserted into the tubing from the luminal side so that the tubing is firmly wedged between the intestinal flange and the cone. Additional silicone adhesive is applied to the tubing to build up a 3-4 mm soffet to help hold the flange in place and is then left to cure.
The cannulas may be sterilized chemically in ethylene oxide, benzalkonium chloride or chi orhexidine, and are implanted surgically into the lumen of the intestine and exteriorized using conventional procedures (Markowitz, Archibald & Downie, 1964) . Once the cannula is in position the exterior flange (Item 2) is placed over the cannula tubing (with the outer face marked to ensure correct assembly) and held in position by inserting a second cone (Item 4) into the tubing and pressing into place. It is preferable to have a loose fit between the animal's flank and the exterior flange.
Results
These cannulas have been used in simple duodenal and simple ileal fistulas formed in 5 cows in which the surgery was performed under paravertebral anaesthesia at 6-7 months gestation. The cannulas and fistulas have been trouble-free for a year, with minimal granuloma formation or fibrotic reaction at the site of fistulation. Milk production and intake of food by the cannulated cows have. been very satisfactory (Table 1) . Handling of the animals to av~id damage to the cannulas and fistulas has presented no problems and the animals have been manipulated for minor procedures in commercial cattle crushes. In another 4 lactating cows with fistulas in the abomasum, a circular internal flange was used and no problems were encountered until large quantities of lipids were infused into the abomasum through the cannula and softened the silicone rubber. This resulted in the loss of some cannula components into the abomasum (Ash, 1962; Cammell, 1977) , this design has the advantage of a larger and rigid internal flange which helps to retain the cannula in place, especially after a mishap, and is just as good in other respects. This design also has the advantage of being easy to fabricate in different shapes and sizes to suit the species and organs to be fistulated.
If PVC is used, a mould has to be made for each shape and size.
As yet these cannulas have only been used to fit Simple fistulas in ruminants, but doubtless cannulas of a suitable shape and size made to this design could be used to fit both re-entrant and simple fistulas in a variety of species.
